Objectives-Telepresent education is becoming an important modality in medical education, as it provides a means for instructors to lead education sessions via videoconferencing technologies. This study aimed to compare the effectiveness of telepresent ultrasound training versus traditional in-person ultrasound training.
T elepresent education is a growing part of medical education and plays a vital role in providing specialized expertise to rural and remote health care professionals and students. 1, 2 Training methods have transitioned from audiotapes and videotapes to videoconferencing and interactive computer-assisted learning. 3 Telepresent education can play a role in advancing medical education by providing increased opportunities for learning while supporting lifelong learning in a mobile fashion. 4 Demand has increased for remote telepresent mentorship of personnel in ultrasound (US). 5 Additionally, medical schools are increasingly creating US curriculum for their students. 6 Ultrasound can be used for a variety of procedures and can range from peripheral intravenous line placement, to focused echocardiography, to the rapid US for shock and hypotension examination. One major use of US is the focused assessment with sonography for trauma (FAST) examination in the presentation of an injured hypotensive patient. 7 The FAST examination provides a quick assessment of patients with trauma for hemopericardium or hemoperitoneum. 8 Ultrasound plays an integral role in determining a patient's disposition when presenting with acute traumatic injuries; it is noninvasive, decreases the time to diagnosis, easily integrates into the primary or secondary survey of the Acute Trauma Life Support protocol, uses no radiation, and can easily be repeated for serial examinations. 9 Telepresent instruction provides students an opportunity to be connected to trained physicians, such as those trained in US, who otherwise would have to wait for a traditional in-person instructor or not receive training at all. For instance, intensivists were able to remotely instruct nonphysicians to obtain high-quality US images via teleguidance. 10 Similarly, a recent case report of US used aboard the International Space Station demonstrated evidence that a guided FAST examination can be completed with acceptable speed and results when remotely guided by trained professionals. 11 The terms telementored, telesonography, and remote telementored US have been developed to satisfy the need of disseminating real-time feedback and education. 12 Telepresence has also been shown to be a practical method of guiding medical students to perform an intubation via remote guidance. 13 Previous studies have demonstrated that instructing na€ ıve medical students on acute medical management can be successful remotely.
14 Telepresence has the benefit of "narrowing the distance" between faculty instructors and distant institutions; consequently, it provides a network of experts available to educate worldwide. 15, 16 There is very limited research on the use of a remote instructor to teach medical students fundamental US procedures such as the FAST examination. This study aimed to compare the effectiveness of telepresent US training versus traditional in-person training when evaluating confidence, knowledge, and performance in a simulated environment, as well as the perceived effectiveness of debriefings after simulation.
Materials and Methods
This study was conducted with medical students randomized into either a telepresent training group or a traditional in-person training group over 5 distinct 3-week training periods (3 periods of in-person and 2 periods of telepresent). The primary outcome of interest was the mean difference between pretest and posttest performances in both cohorts (confidence, knowledge [multiple-choice test], and FAST examination scoring performance in a simulated environment). Secondary outcomes included the student's perception of faculty effectiveness in debriefing. The same instructors were used for both arms of the study. A standardized list of key discussion points was provided to ensure consistency in teaching points. The instructors did all scoring in real time. This study was conducted at the Virtual Care Simulation Laboratory of Summa Health System, Akron Campus, and was determined to be exempt by the local Institutional Review Board.
Participants
Third-and fourth-year rotating medical students were invited to participate in the study. A letter of information was provided to students, which included the elements of informed consent.
Study Design
A clustered approached was used to enroll a convenience sample of students based on their clinical rotation periods. The study training periods were scheduled to accommodate the largest number of rotating students, as the length of rotations varied for third-and fourthyear students. The study training period was 3 weeks and consisted of weekly sessions in the simulation laboratory. The training method (telepresent versus inperson traditional instruction) was alternated. The same training method was used for the 3 consecutive weekly sessions in the training period. An initial assessment was completed at the first session of each training period and included a multiple-choice knowledge test, confidence survey ( Figure 1 ), and simulated hands-on FAST examination score ( Figure 2 ). After the initial assessment, the students received educational materials to review independently and training on the performance of the FAST examination via a formative simulation scenario. Each student completed the validated faculty debriefing assessment tool (Debriefing Assessment for Simulation in Healthcare student version [DASH-SV]) at the end of the education session. 17 The second training session took place 1 week later, and the students received additional instruction by participating in a second formative simulation scenario. The DASH-SV was completed again, evaluating the quality of faculty instruction at the end of the educational session. The third training session included the posttest portion of the curriculum, which consisted of a multiple-choice test, confidence survey, and completion of a summative simulation. Identical confidence surveys, multiple-choice tests, and summative simulations were completed by students to compare the efficacy of the telepresent instruction versus the inperson instruction.
Training Environment Setup
During the telepresent sessions, the students were isolated from the instructor in separate rooms. The telepresence/feedback was provided by a computer onsite that streamed the screen of the simulator, an iPad (Apple Corporation, Cupertino, CA) via a FaceTime connection in both rooms to transmit the instructor's face for instruction and the room from a horizontal standpoint to the instructor, and an extra computer screen that showed the room from a vertical standpoint from a camera (Learning Space; CAE Inc, Saint-Laurent, Quebec, Canada) mounted to the ceiling (Figures 3 and 4 ). An additional iPad was used to demonstrate simulated patient vital signs for the simulation scenarios beside the simulator. A SonoMan diagnostic US simulator (Simulab Corp, Seattle, WA.) with an accompanying laptop computer was used to standardize the images and US technology. For students in the traditional cohort, the same simulator and training space were used. No cameras or teleconferencing technologies was used for this cohort.
Statistical Analysis
Demographic data were summarized by study group using frequencies and percentages for categorical data and medians and means with ranges and standard deviations for numeric data. Numeric outcomes (summed confidence score, multiple-choice knowledge test scores, and FAST examination scores) were assessed at preand post-education intervention time points, and the change was determined as the postintervention outcome value minus the preintervention outcome value. The median changes were tested within each study group for equality to 0 via Wilcoxon signed rank tests. Between- group comparisons for equality in the rank change were determined via exact Mann-Whitney U tests. The curriculum assessments measured ordinally from 1 (extremely ineffective) to 7 (extremely effective) were summarized by study group and question using mean (standard deviation) and median descriptive statistics. Exact MannWhitney U tests were used to compare each study group for rank equality. All statistical testing was 2 sided, with P < .05 considered statistically significant. Statistical analyses were performed with SPSS version 24.0 software (IBM Corporation, Armonk, NY).
Results
Thirty-three students participated in the study, with 17 and 16 students participating in the in-person and telepresent instruction methods, respectively. Overall, the groups were fairly similar; however, more students who (Table 1) . The telepresent and in-person instruction methods each had significant increases in knowledge, confidence, and hands-on FAST examination simulation performance ( Table 2 ). The collective increase in knowledge was greater for the inperson group, whereas the increase in FAST examination simulation performance was greater for the telepresent group. Confidence gains were comparable between the groups. DASH-SV scoring for postsimulation debriefing was significantly higher for the in-person group for each question; however, both methods were deemed effective via median scoring ( Table 3 ). The inperson cohort averaged extremely effective (score of 7), whereas the telepresence cohort averaged consistently effective (score of 6).
Discussion
Telepresent education is a practical option for teaching the FAST examination to medical students. Each method of instruction showed significant increases in confidence, knowledge, and hands-on FAST examination performance in a simulated environment. Each of the methods was deemed effective via median scoring. Interestingly, the in-person group had a greater increase in knowledge and confidence, whereas the telepresent group had a greater collective increase in hands-on FAST examination performance. The results demonstrate that both methods of instruction are effective with some variation.
We postulate that the telepresent groups of students were likely more focused during training sessions because of the need to pay closer attention to the remote instructor for guidance on a moderate-sized screen with audio versus the traditional in-person instruction. The telepresent environment was thought to have led to more attention to detail and a greater frequency of questions to the instructor to ensure proper transducer positioning and orientation, therefore manifesting as a collective increase in scoring on performing the Change was calculated as the postintervention value minus the preintervention value. Within-group P values were from the signed rank test. Between-group P values were from the exact Mann-Whitney U test for rank equivalence of change.
simulated portion of the testing. The faculty thought that the in-person group oftentimes would lose focus and was not concentrating as intently during the instruction as compared to the other cohort of students. We believe that the increase in knowledge demonstrated by the in-person group was a result of the extra time afforded to the students in this group because the instructor was able to more quickly move the student's hands into the correct position and orientation. Students in the in-person cohort typically required less time to report feeling comfortable with the hands-on skill, which allowed more time for discussion of high-yield information covered in the asynchronous reading material. Additional instruction oftentimes had to be provided to thoroughly describe how to perform the hands-on skills required of the curriculum via the telepresent instruction because of both the inability of the faculty to physically direct the student's hands on the simulator and the occasional electronic interruption in streaming. These factors resulted in decreased time in the telepresent group to ask questions and further discuss the asynchronous reading material provided. Assessment of the DASH-SV showed results that were similar to those from a prior study that reported that students preferred in-person instruction but thought that both methods were effective. 15 Students have received most, if not all, of their education via inperson instruction and may not prefer being instructed remotely because it is different than the status quo. At this time, tele-education for teaching US is a practical option and should be explored further. At the conclusion of the curriculum, faculty discussed the execution of the training and potential avenues for improvement. Instructors thought that their effectiveness in remote instruction improved after gaining experience training the students remotely. Further exploration of telepresent instruction in US is warranted to provide additional insights into its potential use. Additional studies evaluating distinct aspects of telepresent instructors' teaching capabilities and a cost-benefit analysis would be beneficial to completely evaluate the educational and economic benefits of this modality to meet US curricular training objectives.
Limitations
The study was a small pilot cohort from a single institution that used an invalidated multiple-choice test, image acquisition grading, and confidence surveys. Curriculum assessments were determined on a scale of 1 (extremely ineffective) to 7 (extremely effective). Between-group P values were from the exact Mann-Whitney U test for rank equivalence of assessments.
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Demographics and previous experience were not thoroughly assessed. Because tele-education requires multiple technological modalities, occasional technical difficulties caused interruptions that may have affected participants' perceptions. This work was a relatively small study that demonstrated the viability of using teleeducation without determining whether one method was superior in all facets. Further studies will need to be completed to determine the viability of using this approach for other US techniques.
Conclusions
Telepresent education is a viable option for teaching the FAST examination to medical students. Each method of instruction had significant increases in knowledge, confidence, and performance of the FAST examination. The DASH scores were significantly higher for the in-person group; however, both methods were deemed effective via median scoring.
